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Abstract: Three experimental diets containing 14.9% (low carbohydrate; LC), 31.4% (medium carbohydrate; MC) and 42.3% (high
carbohydrate; HC) of extruded wheat meal were fed to rainbow trout, Oncorhynchus mykiss, to investigate the significance of
carbohydrate level on the rates of gastric evacuation and return of appetite (feed intake). Gastric evacuation measurements were
performed by serial slaughter and recovery of digesta whilst X-radiography was used to estimate the rates of return of appetite.
Gastric evacuation data of all three treatments were best explained by square root equations. The gastric evacuation rate of the LC
group was significantly different (P<0.05) from that of the MC and HC treatments, while there was no significant difference
(P>0.05) between the emptying rates of the MC and HC groups. Three sigmoid models described the appetite revival data of the
experimental groups. The interaction between these results displayed that a very close relationship exists between gastric evacuation
and return of appetite in rainbow trout, irrespective of dietary carbohydrate level. It was claimed that rainbow trout as a sight feeder
is likely to feed for stomach fullness in the short term regardless of the dietary composition.
Key Words: dietary carbohydrate, appetite return, gastric evacuation, rainbow trout

Yem Karbonhidrat Seviyesinin Gökkufla¤› Alabal›klar›n›n,
Oncorhynchus mykiss Mide Boflal›m› ve Yem Alma ‹ste¤ine Dönüfl Süreleri Üzerine Etkileri
Özet: Yem karbonhidrat oranlar›n›n alabal›klar›n, Oncorhynchus mykiss, mide boflal›m ve yem alma iste¤ine dönüfl süresi üzerine
etkilerini araflt›rmak amac›yla, % 14.9 (düflük karbonhidrat; DK), % 31.4 (orta karbonhidrat; OK) ve % 42.3 (yüksek karbohidrat;
YK) oranlar›nda ekstrude edilmifl bu¤day unu içeren yemler deneme bal›klar›na yedirilmifltir. Mide boflal›m çal›flmalar›, bal›klar belirli
zaman aral›klar›nda öldürülüp mide içerikleri ç›kart›larak gerçeklefltirilmifl, yem alma iste¤ine dönüfl süreleri de X-Radiyografi metodu
kullan›larak tahmin edilmifltir. Her üç grubun mide boflal›m verileri en iyi karekök (square root) eflitlikleriyle aç›klanm›flt›r. DK
grubunun mide boflal›m oran› OK ve YK bal›klar›n›n oranlar›ndan önemli derecede (P<0.05) farkl› bulunurken, ayn› parametrenin,
OK ve YK gruplar› aras›nda farkl›l›k göstermedi¤i (P>0.05) belirlenmifltir. Deneme gruplar›n›n yem alma iste¤ine dönüfl oranlar› üç
adet sigmoid model ile aç›klanm›flt›r. Tespit edilen parametrelerden, yem-karbonhidrat oran›na ba¤l› olmaks›z›n, alabal›klar›n mide
boflal›m ve yem alma iste¤ine dönüfl oranlar› aras›nda oldukça yak›n bir iliflki saptanm›flt›r. Bu sonuçlara göre, k›sa süreli ifltah
kontrolünde, alabal›klar›n yem kompozisyondan ba¤›ms›z olarak midelerini doldurmak için yem tükettikleri iddia edilmifltir.
Anahtar Sözcükler: Karbonhidrat, yem alma iste¤ine dönüfl süresi, mide boflal›m süresi, Gökkufla¤› alabal›¤›

Introduction
It has been extensively reported that return of
appetite is probably controlled by the stomach evacuation
rate in teleostean fish species (1-4) and in elasmobranchs
(5). However, it has been more or less accepted that feed
intake is under multi-factorial regulation involving both
central and peripheral interactions (6-8).
Meal volume and dietary composition are the most
important factors influencing gastric evacuation and

appetite revival in fish (9). It was demonstrated by
Tekinay and Güner (10) that the appetite was more
dependent on the bulk of the food rather than the dietary
composition (energy and protein composition) in shortterm feeding. They indicated that a difference in
digestible energy level between 21.3 and 18.8 MJ kg-1
did not cause any significant (P<0.05) change in gastric
evacuation rates. If it appears that appetite regulation is
dependent on the bulk of the food, then it can be asked
how the dietary carbohydrates, which are filler
25
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components in practical trout diets, affect appetite
revival.
The paucity of information regarding such
interactions prompted us to study the influence of
different dietary carbohydrate levels on feed intake in
rainbow trout fed semi-practical diets. The implications
are important with respect to our knowledge of fish
feeding physiology in general, and the development of
suitable aqua feeds for intensive fish production with
carbohydrates as an energy source.

Materials and Methods
Experimental Fish and Maintenance Facilities
Rainbow trout, Oncorhynchus mykiss (mean weight
205 ± 2.0 g SEM), were supplied from a local fish farm
(Mill Leat Trout Farm, Ermington, Devon, UK). The fish
were maintained in 400 l, fibereglass tanks within a

Table 1.

closed, fresh water recirculation system with a parallel
flow of 6.8 l min-1 through the tanks at a temperature of
15 ± 0.2ºC. Approximately 20% of the system water was
changed weekly. The photoperiod was balanced as 12
hours light and 12 hours dark using fluorescent discharge
lamps.
Test Diets
The formulation and chemical composition of the
experimental diets are presented in Table 1. Three test
diets containing a specific size and quantity of X-ray dense
marker (3.8% of the diet) were prepared. The numbers
of Ballotini beads in known weights of diet were
determined by X-radiography to ensure even distribution
as outlined by McCarthy et al. (11). The relationship
between the weight of feed (FW) and the number of
beads (N) was linear:
2
FWLC = 0.0255*N, R = 0.950, n = 20 different
amounts of feed X-rayed.

Dietary formulation and chemical composition of the experimental diets.

Ingredient
LT Fish Meala
Poultry Meat Mealb
Blood Mealc
Extruded Wheat Meald
Fish Oile
Vitamin/Mineral
Premixf
α-celluloseg
Marker (Ballotini)h
Binder (Carboxymethyl Cellulose)g

LC
51.3
11.7
2.9
14.9
10.6

MC
41.8
9.4
2.3
31.4
8.4

HC
34.2
7.8
2.0
42.3
7.0

2.0
1.9
3.8
0.9

2.0
3.8
0.9

2.0
3.8
0.9

C. Protein (% DM)
C. Lipid (% DM)
C. Ash (% DM)
C. Carbohydrate (% DM)
Digestible Protein (DP)(%)
Digestible Energy (DE)(Mj kg-1)
DP/DE Ratio (g DP Mj-1 DE)

47.6
20.0
10.1
12.9
42.6
19.7
21.6

40.7
17.0
8.7
21.5
33.2
16.9
19.7

36.4
14.8
7.5
29.8
30.0
16.0
18.8

a. Low Temperature Fish Meal, Norsea Mink, LT 94. Trouw Aquaculture, Wincham, Cheshire, U.K.
b. Int. Feed Number, 5-03-798, Trouw Aquaculture, Wincham, Cheshire, U.K.
c. Int. Feed Number, 5-00-381, Trouw Aquaculture, Wincham, Cheshire, U.K.
d. Int. Feed Number, 4-05-205, Trouw Aquaculture, Wincham, Cheshire, U.K.
e. Atlantic Herring Oil (7-08-048), Seven Seas, Marfleet, Hull, U.K.
f. (Close Formulation). Trouw Aquaculture, Wincham, Cheshire, U.K.
g. Sigma Chemical Company, Poole, Dorset, U.K.
h. Size: 0.65-0.90 mm (Jensons Ltd. U.K).
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FWMC = 0.0240*N, R2 = 0.969, n = 20

were displayed in the same figure to allow close
comparison. The evacuation slope of the LC group was
significantly (P<0.05) different from the slopes of other
treatments (Table 2). Basically, a significant evacuation
(P<0.05) was observed during the first 6 hours, and a
delay was detected between 6 and 12 hours following
feeding in the LC treatment. Then emptying was
sustained until 95% of the digesta was cleared from the
cardiac stomach 44.8 hours after feeding. The clearance
of MC and HC diets was similar and a significant amount
of the digesta was emptied at each time interval until 30
hours. There was no significant difference (P<0.05)
between the evacuation rate of each group at 30 and 36
hours. The transit time for 95% of the digesta was 37.0
and 35.4 hours for the MC and HC diets, respectively.

2

FWHC = 0.0224*N, R = 0.967, n = 20
Return of Appetite Determinations
The X-radiography technique employed for return of
appetite measurements was explained by Tekinay (12).
Gastric Evacuation Analysis
The method used for the gastric emptying
determinations is detailed in Tekinay and Güner (10).
Statistical Analysis
The statistical procedure applied to gastric evacuation
and appetite revival data is as outlined by Tekinay and
Güner (10).

Three sigmoid equations described the appetite revival
data of experimental groups. There was no significant
relationship in return of appetite of LC and MC fish
between 4 and 12 hours, whilst the HC group elevated
their feed intake significantly (P<0.05) at each time
interval. The time required for 95% of appetite return
was predicted as 42.3, 38.2 and 38.1 hours for the LC,
MC and HC treatments, respectively (Table 3). According
to the fitted first order equations, these times for 95%
appetite revival were 44, 40.8 and 41.5 hours for the LC,
MC and HC treatments, respectively (Table 3).

Results
As a result of a comparative analysis (linear,
exponential and square root) of the gastric evacuation
data, square root models gave more appropriate fits.
Minimum residual mean sum of squares (RMS),
2
intercepts nearest 100 and consequently highest r values
were taken into consideration. The minimum RMS for the
LC, MC and HC groups was obtained in the square root
model with the highest r2. First order and sigmoid
equations were used for return of appetite modelling.
Although both models fitted well, sigmoid equations gave
a marginally better fit due to the above-mentioned
parameters. Gastric evacuation and return of appetite
models for the LC, MC and HC treatments are presented
in Figures 1-3, respectively. The slopes of the two models

A very high correlation was determined between the
gastric evacuation and return of appetite for each
treatment by using fitted equations. These relationships
are presented in Table 4.
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Figure 1.
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Rates of stomach evacuation (■
■)
and return of appetite (■) rates in
trout fed low carbohydrate diet
(LC). Stomach evacuation (square
root model) is described by the relationship, St = (10.37-0.177t)2, R2
= 0.831, where St denotes percentage stomach content at time t, n =
56.
Regression equation for return of
appetite, FI = 107.86 (1-e-0.045t),
R2 = 0.735, where FI represents
percentage voluntary feed intake or
appetite return at time t, n = 24.
Data points in each slope allocated
different letters are significantly different. Bars denote ±5 standard
errors of the mean.
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Table 2.

Rates of stomach evacuation (■
■) and return
of appetite (■) rates in trout fed medium carbohydrate diet (MC). Stomach evacuation
(square root model) is described by the relationship, St = (10.064-0.204t)2, R2 =
0.889, where St denotes percentage stomach content at time t, n = 56.
Regression equation for return of appetite, FI
= 112.21 (1-e-0.046t), R2 = 0.789, where FI
represents percentage voluntary feed intake
or appetite return at time t, n = 24.
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Figure 3.
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Rates of stomach evacuation (■
■ ) and return
of appetite (■) rates in trout fed high carbohydrate diet (HC). Stomach evacuation
(square root model) is described by the relationship, St = (10.03-0.209t)2, R2 = 0.870,
where St denotes percentage stomach content at time t, n = 56.
Regression equation for return of appetite, FI
= 102.2 (1-e-0.064t), R2 = 0.834, where FI
represents percentage voluntary feed intake
or appetite return at time t, n = 24.
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Statistical summary of comparison of the fitted gastric
evacuation slopes.

Table 3.

Predicted gastric evacuation and return of appetite times.
Calculated times (h) for gastric evacuation (%)

Gastric Evacuation1

Model

Treatments

Treatments

25

50

75

95

LC
MC
HC

9.1
6.4
6.2

18.0
14.0
13.4

29.4
23.8
22.8

44.8
37.0
35.4

2

ANCOVA d.f. (3:108)
Square Root
f

P

LC & MC

3.76

<0.05

LC & HC

8.35

<0.05

MC & HC

1.75

>0.05

1

The fitted square root model St= (S0-k*t)2, where ‘St’ is the percent-

Calculated times (h) for appetite revival (%)
Model

Sigmoid

age meal remaining in the cardiac stomach at time ‘t’.
2

Significant differences at the 95% confidence level (P<0.05) in shape

of slopes determined by (ANCOVA).
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First Order

Treatments

25

50

75

95

LC
MC
HC
LC
MC
HC

3.0
4.2
1.2
6.2
5.5
4.4

16.6
14.4
11.6
14.3
12.9
10.5

28.1
24.2
21.9
26.5
24.0
20.7

42.3
38.2
38.1
44.0
40.8
41.5
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Table 4.

Diet

LC

MC

HC

Fitted equations for the relationship between return of
appetite and gastric evacuation in rainbow trout.
Model1
Linear
Exponential
Square Root
Linear
Exponential
Square Root
Linear
Exponential
Square Root

a

b

R2

RMS

17.3
3.9
4.69
8.64
2.99
4.04
17.3
3.25
4.79

0.81
0.015
0.055
0.89
0.017
0.06
0.80
0.014
0.052

0.99
0.99
1.0
1.0
1.0
1.0
1.0
0.99
1.0

432
0.064
0.16
375
0.156
0.197
127
0.156
0.207

1

Coefficients derived from the fitted linear, RA= a + b*GE, exponential,
RA= e a + b*GE and square root functions, RA= (a + b*GE)2, where ‘RA’
is return of appetite (% Feed Intake) and ‘GE’ is gastric evacuation (%).

Discussion
In this investigation, rainbow trout, Oncorhynchus
mykiss, were fed three different levels (14.9, 31.4 and
42.3%) of extruded wheat meal as the principal
carbohydrate source in order to study gastric evacuation
and appetite return parameters. Following the
comparison of the fitted equations using the F-test, it was
detected that the instantaneous rate of gastric evacuation
in the LC group was significantly slower (P<0.05)
compared to the other two groups. However, no
significance was evident between the slopes of the MC
and HC treatments. The time required for the clearance
of 95% of the stomach content was estimated to be
approximately 44.8, 37 and 35.4 hours for the LC, MC
and HC diets, respectively, according to the square root
equations. The decrease in evacuation rate in the LC fish
could be explained by the higher digestible energy (DE)
value of the LC diet (19.7 MJ kg-1) compared to the MC
(16.9 MJ kg-1) and the HC (16.0 MJ kg-1) diets. Similarly,
the digestible protein (DP) concentration in the LC diet
(42.6%) was considerably higher than that in the MC
(33.2%) and HC (30.0%) diets. Negative feedback
signals due to the transport of energy dense digesta into
the upper intestine or amino acid receptors in the
duedonum probably played as a regulatory factor as
implied in the literature (9,13). These findings are in
accordance with previous ones (10) that high energy diets
are evacuated slower than low energy diets. However, no
realistic quantification has been performed in order to

understand the direct effect of energy concentration of
the digesta on the gastric evacuation rate in fish.
The time for 95% of the return of appetite was
calculated as 42.3, 38.2 and 38.2 hours for the LC, MC,
and HC groups, respectively. These results are in
agreement with previous findings (10) and the general
view (14-18) that fish increase their feed intake if the
dietary energy concentration is diluted. Furthermore, a
close relation between gastric evacuation and return of
appetite in trout fed three different levels of
carbohydrate source was also explained statistically. An
almost 100% relationship (r2= 1.0) was observed
between these two parameters for all three groups
following the application of linear, exponential and square
root equations. This relationship also confirms the finding
(10) that the appetite revival in trout is mainly controlled
by cardiac stomach fullness. In addition, emptying of the
stomach contents is also likely to be regulated by the
amount of food in the stomach or the distension of the
stomach wall (17,19,20). These claims are supported by
Grove et al. (3), Sims et al. (5) and Grove et al. (21),
who stated that the cardiac stomach is likely to be the
primary organ with respect to the regulation of voluntary
feed intake in fish. It is apparent that complex
interrelationships exist both at the physiological and
biochemical levels, which determine the effect of diet
composition on gastric evacuation and return of appetite
profiles in salmonids. Therefore, combined physiological
investigations are necessary in order to appreciate the
complexity of appetite regulation in fish. For instance, the
amount of water to liquify the feed in the stomach is a
significant parameter to consider (18), since it has been
found that the water content of the digesta recovered
from the stomach following feeding was about 50% of
the wet digesta weight in rainbow trout (unpublished
results).
Since the appetite of trout under laboratory
conditions returned before complete evacuation of the
meal, it may be proposed that the main determinant
regulating appetite in this species is the degree of
stomach fullness and emptying rate as demonstrated
previously (10,22-24). As the feed intake terminates
before absorption is completed, meal size will probably be
dependent on the signals from the gastro-intestinal tract.
In this context, Rayner (25) pointed out the importance
of dietary factors and feeding regime, and concluded that
animals receive more information from the gastro-
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intestinal tract than they need and are able to integrate
information as required in relation to former experiences.
The amount of digesta in the cardiac stomach and the
degree of stomach wall distension might indicate further
physiological mechanisms that modulate the emptying
pattern. Signals from stretch receptors may be conducted
to the central nervous system by abdominal afferent
neurons in the initial stages of feeding. The significance of
gastrointestinal mechanisms has recently been reviewed
with regard to humans (26), farm animals (27), and
poultry (7), and in general respects (28).

(20) and Talbot (31) have advocated that it is not
practical to sacrifice large numbers of fish for such
studies. However, X-radiography is not as scientifically
representative as those methods previously published on
the rainbow trout (32), the arctic charr Oncorhynchus
kisutch (33) and the Atlantic cod Gadus morhua (34).
Since the estimation of gastric evacuation rates derived
from single meal experiments do not present the natural
feeding pattern (9,35), secondary and further intake
could be determined utilising different sizes of radioopaque beads.

The chemical composition of the diet is also an
important factor determining gastric motility; however,
the exact mechanisms (via neurons and endocrine cells)
remain unclear (29). These workers have proposed that
distension of the stomach causes a reflex activity via
cholinergic and serotonergic nerves. Somatostatin then
suppresses rhythmic contractions whilst VIP (vasoactive
intestinal polypeptide) induces gastric relaxation.

In conclusion,
■

The gastric evacuation rate is likely to be the
major factor controlling the return of appetite,
irrespective of the carbohydrate or DE level in
the diet. Under normal experimental conditions,
trout (as a sight feeder) feed for gastric fullness
in the short term. However, body energy stores
might interact in the longer term.

In this study, feed intake was determined by
incorporating radio-opaque beads as previously used by
Koskela et al. (30). It may be implied that the method
employed for the quantification of return of appetite in
the present study was valid since a number of points were
taken into consideration. These include minimum stress
because of handling with utmost care, a good prediction
of recovery time and ensuring the complete clearance of
Ballotini beads from the gastrointestinal tract. Indeed, a
considerable inter-individual feed intake difference was
encountered, but it was resolved by using a large number
of uniform sized fish per X-radiography session. As far
as the serial slaughter technique is concerned, Bromley

■

The DE concentration in the diet plays a
significant role in the gastric emptying rate since
the gastric evacuation in the LC group was
different from that of their counterparts due to
their different DE intake, whereas gastric
evacuation of MC and HC were not significantly
different.

■

Further work is needed to clarify such effects
under varying physiological conditions with a
view towards optimizing feeding strategies in
respect to carbohydrate enriched diets for trout.
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